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(57) ABSTRACT

The invention relates to an underwater communication sys-
tem and method. The system comprises at least one under-
water remote device comprising a processing unit and func-
tionally connected to the processing unit first
magnetoinductive communication means capable of commu-
nicating with other underwater devices using magnetic induc-
tion, and a wearable underwater monitor device comprising
second magnetoinductive communication means capable of
communicating with said remote device using magnetic
induction. According to the invention, the remote device fur-
ther comprises functionally connected to said processing unit
acoustic communication means capable of transmitting
acoustic signals. The invention helps to keep the monitor
device small and energy efficient, still allowing for long-
distance underwater communications.
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1
UNDERWATER COMMUNICATION SYSTEM
AND RELATED COMMUNICATING
METHOD AND DEVICES

FIELD OF THE INVENTION

The invention relates to underwater communication sys-
tem between electronic devices. In particular, the invention
relates to a diving communication system comprising a plu-
rality of devices capable of communicating with each other
utilizing magnetic induction and/or acoustic waves. The
invention also relates to underwater transceiver devices com-
prising sensor units and their functions in underwater com-
munication systems.

BACKGROUND OF THE INVENTION

A diver needs to know the pressures of the gas tanks used
during diving. A convenient way of showing the pressures to
the diver is to communicate the pressures from each tank to a
wearable diving computer attached to the divers’ wrist, for
example. In modern systems, pressure information is sent
wirelessly from a tank sensor unit to the diving computer.

U.S. Pat. No. 8,275,311 disclose a method of the above-
mentioned kind. In the method, the pressure of a gas tank is
measured and the pressure data is transmitted under water
using a low first frequency to a diving computer. On the
surface of the water, a second frequency higher than the first
frequency is used for two-way telecommunication between
the gas tank and the diving computer.

In addition, although low frequency, such as below 1 MHz,
e.g. 5 kHz disclosed in U.S. Pat. No. 8,275,311 is well suit-
able for underwater communications but suffers from the
drawback that the maximum usable bit rate and the maximum
communication distance are inherently low.

U.S. RE42218 disclose an underwater alert system having
a transmitter carried by a first diver and a receiver carried by
a second diver. The transmitter generates a wireless alert
signal to get the attention of the second diver. There are also
other underwater diver-to-diver alert systems and voice and
message communicating systems available. In the disclosed
alert system, the receiver may identify the transmitter by an
electronic identity scheme which may utilize different fre-
quency channels or electronic identity codes. The wireless
alert signal may be transmitted as ultrasonic signal, for
example. However, ultrasound transmitters are large and
ultrasound signals require a lot of power to be generated.
These factors make the disclosed solution impractical and
undesirable to be integrated to wrist-worn diving computers,
for example, whose power capacity is limited and size needs
to be relatively small.

Thus, there is a need for improved underwater communi-
cation systems and devices in particular for long-distance
communication of signals, such as alert signals.

SUMMARY OF THE INVENTION

It is an aim of the invention to solve at least some of the
abovementioned problems and to provide an improved under-
water long-distance communication system.

A particular aim is to provide a system which helps to
achieve conveniently sized diving computers for example to
be worn at a wrist of the diver.

It is also an aim of the invention to provide a novel method
of communicating data under water.

The invention provides a communication system compris-
ing at least one remote device and at least one monitoring
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device, such as a wearable diving computer, the devices being
capable of at least unidirectionally communicating with each
other when being close to each other using magnetic induc-
tion using suitable communication means. Inaddition, at least
one of the remote devices comprises means for transmitting
data as acoustic waves, in particular ultrasound waves. The
acoustic data-carrying waves are preferably such that the
achievable acoustic communication distance is larger than the
communication distance achievable using magnetic induc-
tion. In a typical embodiment, the magnetic induction is used
entirely or primarily for short-distance communication
between electronic diving-aid devices carried by a single
diver whereas the acoustic waves for larger-distance commu-
nication between divers or between a diver and some other
external communication unit. For example, the magnetoin-
ductive communication means may have a maximum operat-
ing range of less than 5 meters, typically less than 3 meters
and the ultrasound communication means may have an oper-
ating range of at least 10 meters.

The magnetoinductive communication may for example
include transmitting sensor data-containing data packets
from the remote device to the monitor device. The diving
computer is configured to listen to data packets of the remote
devices and typically comprises a display for visualizing the
received sensor data to the diver. The magnetoinductive com-
munication can be also bidirectional. The acoustic commu-
nication may include for example transmitting messages,
alert signals or sensor data to other divers or to surface. In this
way the acoustic communication link may be used to extend
the range of magnetoinductive communication systems by
providing a relaying feature between the two different meth-
ods of wireless communication.

For allowing magnetoinductive communication, there may
be suitable loop antennas in the communicating devices for
producing and sensing magnetic field. In underwater circum-
stances, electric field produced by such antennae is low and
attenuated quickly in the near field of the antennae, whereby
communication between the devices is practically magneto-
inductive. For allowing acoustic communication, there may
be provided an acoustic transducer, such as a piezoacoustic
transducer or electromagnetic acoustic transducer.

More specifically, the invention is defined in the indepen-
dent claims.

The invention has considerable advantages. In brief, the
invention takes advantage of two different wireless commu-
nication methods in a multi-device environment to allow for
realization of a novel kind of diving aid system with benefits
greater than those of the methods alone. Since the acoustic
transmitter is not in the wearable monitor device, but in the
remote device, the monitor device can be made small and to
meet a low power consumption level requirement. For
example a small wrist-worn diving computer can be realized.
The remote device, which is typically integrated with diving
equipment worn on the backpack of the diver, can well be
larger and therefore contain the acoustic transmitter and
larger battery. For example gas tank pressure sensors could
contain such added functionality built-in without affecting its
usability. Alternatively to integration with a sensor device or
the like, the combined magnetic and acoustic communicator
may be implemented as a separate device.

In addition to being able to keep the size of the monitor
device small and energy-efficient, the diver still has the pos-
sibility to communicate long distances due to the acoustic
communication means as an essential functional part of the
system. The acoustic communication means of the remote
unit can be given various tasks or roles as will be discussed
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later. The wearable monitor device is preferably free from
acoustic communication means.

Dependent claims focus on selected embodiments of the
invention.

According to one embodiment, the present underwater
communication system comprises at least one underwater
remote device comprising a processing unit and functionally
connected to the processing unit first magnetoinductive com-
munication means capable of communicating with other
underwater devices using magnetic induction, and a wearable
underwater monitor device comprising second magnetoin-
ductive communication means capable of communicating
with said remote device using magnetic induction. The mag-
netoinductive communication frequency is preferably 10
MHz or less, typically 1 kHz-1 MHz. The remote device
further comprises functionally connected to said processing
unit acoustic communication means capable of transmitting
acoustic signals, preferably at a frequency of 20 kHz or more.
Data can be included to ultrasound signals by modulation
techniques, such as in magnetoinductive communications.

According to one embodiment, the underwater remote
device is attached or designed to be attached to a scuba
harness, scuba set or gas tanks belonging to diving equipment
of the diver carrying also the wearable monitor device. The
monitor device is preferably directly attachable to a body part
of the diver. It may for example be a wrist-worn diving com-
puter or a diving mask with display capabilities, like a HUD
(head-up display). Thus, the diver can easily follow data
provided by the remote device from other devices of the
equipment.

According to one embodiment, the remote device com-
prises a diving gas pressure sensor functionally connected to
the processing unit, which is adapted to communicate pres-
sure data or pressure-derived data provided by the gas pres-
sure sensor using the first magnetoinductive communication
means and/or the acoustic communication means. Such
remote device may be e.g. a gas tank pressure sensor or
rebreather partial oxygen pressure sensor. By this embodi-
ment, gas pressure data can be conveniently communicated
either short or long distances.

According to one embodiment, the remote device com-
prises a location sensor functionally connected to the process-
ing unit, which is adapted to communicate location data or
location-derived data provided by the location sensor using
said first magnetoinductive communication means and/or
said acoustic communication means. By this embodiment,
the system can be provided with location-detection capability
and the location sensor can be separate from the monitor
device, further reducing its size and energy consumption of
the monitor device. The location data can still be communi-
cated to the diver or other people or devices at longer dis-
tances.

According to one embodiment, the first and second mag-
netoinductive communication means have a maximum mag-
netoinductive communication range and said acoustic com-
munication means have a maximum acoustic communication
range which is at least 2, preferably at least 10 times greater
than the maximum magnetoinductive communication range.

According to one embodiment, the processing unit of the
remote device is adapted to receive sensor data from a sensor
contained therein or connected thereto, and to command
transmission of an acoustic signal using said acoustic com-
munication means if said sensor data fulfills predefined cri-
teria. Thus, for example alert signals need not go through the
monitor device, but the alert decision can be made instantly at
the remote device first receiving the sensors output.
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According to one embodiment, the monitor device is
adapted to send acoustic communication commands to the
remote device using said second magnetoinductive commu-
nication means, and the remote device is adapted to receive
said acoustic communication commands from the monitor
device using said first magnetoinductive communication
means and to command transmission of an acoustic signal
using said acoustic communication means upon reception of
such a communication command. By this embodiment, the
user can initiate or confirm the need of an alert signal, for
example, but the actual signal is still being sent by the remote
device. This helps to save the battery of the monitor unit,
which is crucial in particular in emergency situations.

According to one embodiment the first magnetoinductive
communication means are capable of bidirectional commu-
nication between the remote device and other underwater
remote devices. This embodiment enables the remote device
to communicate with other similar devices, such as other
sensor-containing devices for example to synchronize their
communication timing schemes with each other to be able for
all of them to robustly communicate with the monitor device.
By this embodiment, the other remote devices can also send
sensor data to the remote device containing the acoustic trans-
mitter for being sent over a long distance.

According to further embodiments, the first and second
magnetoinductive communication means are adapted for uni-
directional communication from the remote device to the
monitor device or bidirectional communication between the
remote device and the monitor device. The former embodi-
ment allows for minimizing the energy consumption of the
monitor device since no transmission is required. On the other
hand, the latter embodiment allows for the monitor device to
take the role of a master device in the system and sending data
(e.g. alert commands, synchronization commands or mes-
sages) from the monitor device to the remote devices for
further actions.

According to one embodiment, the acoustic communica-
tion means are additionally capable of receiving acoustic
signals and to communicate data contained in the acoustic
signals to the processing unit, from where it may be further
directed to the monitor unit using magnetoinductive commu-
nication means. This embodiment, makes the system capable
of bi-directional communication over long distances, for
example for allowing diver-to-diver interactive communica-
tions.

According to one embodiment, the remote device is con-
figured to transmit alert signals as the acoustic signals, the
alert signals comprising alert data, such as gas pressure alert
data, depth alert data or location alert data. The alert data can
naturally comprise some other data provided by any other
sensor or alert generator being part of the system, such as vital
functions alert data (e.g. heart rate alert data) or “danger
approaching” alert data. As discussed above, the alert data can
be initiated automatically by the system or by the diver using
suitable user input means in any of the devices of the system,
preferably the monitor device.

According to one embodiment, the remote device is
capable of synchronizing its magnetoinductive communica-
tion means with other similar remote devices in the system so
as to avoid simultaneous transmitting of magnetoinductive
signals by the remote devices. The synchronization is dis-
cussed more thoroughly later in this document. This embodi-
ment is beneficial as it helps to maintain the energy consump-
tion of the monitor device low and allows robust
communication. If the system is allowed to comprise a plu-
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rality of acoustic transmitters, they are preferably synchro-
nized too, for example using a similar principle as the mag-
netoinductive transmitters.

According to another aspect, the present invention con-
cerns a corresponding method of communicating in under-
water circumstances between at least one monitor device, at
least one remote device adapted to provide data for the moni-
tor device and at least one external receiver, wherein the
monitor device and the remote device belong to equipment of
a single diver and the external receiver is external to said
equipment. In line with the principle of the invention, the
method comprises communicating between said wearable
monitor device and the remote device using magnetic induc-
tion, and communicating between said remote device and
said external receiver using acoustic waves.

DEFINITIONS

“Monitor device” is a device capable of receiving data from
other devices and typically processing it further to be dis-
played to a used, stored in a memory and/or initiating further
communications based on the data. The monitor device may
also be capable of transmitting data, whereby it may further
act as a control device of remote device, i.e., as a master
device of the present communication system.

“Remote device” is a device which is designed to acquire
and transmit data to the monitor device. Acquisition may tank
place for example by using a sensor, such as pressure sensor
or location sensor, integrated or connected to the remote
device by means of a wire or by means of a wireless connec-
tion. In particular, a remote device may be a transceiver
device capable of both receiving and transmitting data pack-
ets. A remote device can be a slave device, i.e., taking orders
from a master, but it may also be an independent device.

The terms “transceiver” or “transceiver device” as herein
used to mean a device capable of receiving and transmitting
data, preferably as digital data packets (bursts) having a pre-
defined packet form defined by a communication protocol.

The term “timing scheme” means a set of information and
rules that define when a device is supposed to transmit data to
other devices, i.e. a temporal transmitting scheme. A simple
concertized example of a timing scheme is “transmit data
packet having a length of maximum X ms once every N
seconds, starting now”. In practice, the timing scheme is often
a more complex set of background information and rules,
including the definition of general communication time
frame, transmitting window, time slots and interleaving
instructions, like “The scheme presently used consists of N
time slots each having a length of X ms. The first M time slots
are reserved and next K time slots allowed for transmitting.
This device presently uses time slot L. No interleaved opera-
tion.” The timing scheme is adapted to be repeating in each
device in the system, i.e. transmitting of each device at the
desired moment takes place at predefined, preferably con-
stant, intervals. Similarly in listening devices, listening takes
place in repeating manner with the same intervals. The inter-
val may be equal to the time frame of communication or it
may be also longer, such as in interleaved operation, as will be
described later. The interval may also be prolonged to save
energy such that there is a pause in between.

“Adjusting the timing scheme” means changing the set of
information and rules in one device to affect the communica-
tion between the device and other underwater devices.

A “time slot” is a section of a transmitting window allowed
for devices to transmit their data. A “populated time slot” is a
time slot that a device in the system is using for transmission.
A “free time slot” is a time slot not used by any device in the
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system. “Next free time slot” is a free time slot than comes
chronologically next to populated time slots. An “allowed
time slot” is a time slot that is intended for transmitting of
transceiver devices. A “reserved time slot” is intended for
other purposes, such as master device transmissions or regis-
tering of new devices.

“Data stream” is a set of individual data packets of different
devices sent at different, preferably successive, time slots in a
synchronized way.

“Listening” by a device means forthe device to be in a state
in which it can receive and detect data packets potentially
transmitted by one or more other devices. A “listening
period” is a period during which a device listens to other
devices of the system. Listening periods are in synchroniza-
tion with the transmitting periods of the transmitting devices
of'the system.

A “sensor” is any device that reacts to changes in physical
conditions interacting with the device (e.g. a gas pressure
sensor, temperature sensor, depth sensor) or is capable of
detecting and interpreting signals sent by other devices that
are not part of the actual communication system herein
described (e.g. satellite positioning sensor or geocache detec-
tor) or taking (sensing) input from a user. Thus, the word
sensor is to be interpreted broadly.

Next, embodiments and advantages of the invention are
described in more detail with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic overview of the present system
exemplified with three gas tanks equipped with pressure sen-
sor transceivers as remote devices, a diving computer as a
monitor device and a external ultrasound receiver.

FIG. 2 shows a block diagram of a remote device according
to one embodiment of the invention.

FIG. 3A illustrates a block diagram of a receiver-only
monitor device according to one embodiment of the inven-
tion.

FIG. 3B illustrates a block diagram of a transceiver monitor
device according to one embodiment of the invention.

FIG. 4 shows a timing scheme of the magnetic induction
part of the communication system according to one embodi-
ment of the invention.

FIG. 5 illustrates a timing scheme of the magnetic induc-
tion part of the communication system and in interleaved
operation mode according to one embodiment of the inven-
tion.

FIG. 6 shows as a flow chart the operation of the system
according to one embodiment of the invention.

FIG. 7 shows as a table exemplary data packet format
usable in connection with the invention.

FIG. 8A illustrates schematically two divers taking advan-
tage of the communication system according to one embodi-
ment of the invention.

FIG. 8B illustrates schematically a diver and boat taking
advantage of the communication system according to another
embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 illustrates an embodiment with three gas tanks 12A,
12B, 12C having transceiver sensor devices 14A, 14B, 14C
mounted thereon. The transceiver sensor devices 14A, 14B,
14C act as remote devices within the meaning of the inven-
tion. The sensor portions of the devices 14A, 14B, 14C mea-
sure the gas pressure in the tanks 12A, 12B, 12C and provide
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sensor values to transceiver portions of the devices 14A, 14B,
14C. The devices 14A, 14B, 14C transmit their respective
sensor values to other devices nearby using magnetic induc-
tion. There is also provided a monitor device 10 in the form of
a diving computer. The monitor device is capable of receiving
the magnetoinductive signals sent by the transceiver devices
14A, 14B, 14C. The magnetoinductive communication
occurs in a small range illustrated with a dashed-line box.
Outside the box, the magnetoinductive signals are too weak
for the data contained in them to be extracted by the monitor
device 10.

One of the transceiver devices 14C is equipped with means
for transmitting ultrasound signals outside the magnetoin-
ductive communication range. To illustrate this, there is an
ultrasound receiver 16, which may be delivered as part of the
present communication system but may also be an indepen-
dent receiver as well. The ultrasound receiver 16 may be
located for example on a boat or on equipment of another
diver. In one embodiment, the ultrasound receiver is a similar
remote device of another diver utilizing a similar communi-
cation system.

FIG. 2 illustrates a transceiver device 24 as a block dia-
gram. The device 24 comprises in 1O unit 21 capable of
receiving a sensor signal from a sensor. The IO unit is func-
tionally connected to a processing unit 23. The processing
unit 23 is further connected to a two-way communication unit
25 capable of transmitting the sensor value as an magnetoin-
ductive signal and for receiving data from other devices, and
for potential other communication purposes. The processing
unit 23 comprises a memory for temporary storage of the
sensor data and for internal software. In addition, there is an
ultrasound transmitter 28 functionally connected to the pro-
cessing unit 23. The processing unit 23 controls the transmit-
ter 28 to send ultrasound signals with given data content when
necessary.

The ultrasound transmitter 28 may be an ultrasound trans-
ducer capable of both transmitting and receiving ultrasound
signals from external devices. In the latter case, the process-
ing unit may be adapted to interpret the received signals. In
this case, communication systems of different divers may
communicate with each other.

According to one embodiment, the processing unit 23 is
adapted to decide on the need for ultrasound transmission
based on the sensor data. For example, if a gas pressure of a
gas tank is reduced too low, the device 24 may send an alert
signal.

According to one embodiment, the processing unit 23 is
adapted to initiate ultrasound transmission based on a com-
mand received from another remote device or the monitor
device. In the former case, the reason for ultrasound signal
may be e.g. low pressure in another gas tank in the system, or
potentially dangerous situation noticed by some other sensor
in the system. In the latter case, the reason for ultrasound
signal may be e.g. manually initiated alert command of the
user, such as in the case of danger or negative change in
physical condition of the diver.

Although presented here as a preferred embodiment, the
ultrasound signal needs not be an alert signal, but may be
some other signal, such as a diving conditions report signal to
surface or ordinary communication signal from diver to diver.

The processing unit comprises necessary hardware and
software means for defining and utilizing a timing scheme for
communication with other devices, as well as software means
for adjusting the timing scheme.

There may also be provided a display 27 in the remote
device 24 for illustrating the sensor value but this is not
necessary, since typically the monitoring during the dive is
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carried out using the monitor device communicating with the
remote device and comprising a display better in reach of the
diver.

FIG. 8A illustrates first diver’s equipment 80A including a
first monitor device 81A and a first remote device 82A. There
is also second diver’s equipment 80B with a second monitor
device 81B and a second remote device 82B. In this case, the
first monitor device 81A is provided with magnetoinductive
transmission capabilities and is therefore able to command
the remote unit 82A to send an acoustic signal to the other
diver’s remote unit 82B. The second remote unit 82B for-
wards the message carried by the acoustic signal to the second
diver’s monitor device 81B using magnetoinductive commu-
nication for attention of the second diver. Ifthe systems of the
divers are identical, i.e., all devices are capable of bidirec-
tional communication, similar messaging to the other direc-
tion is possible too. This embodiment is beneficial e.g. in
ordinary messaging between divers and for communicating
alert signals which are initiated manually by a diver or auto-
matically by the monitor device based on input data from one
or more sensors coupled to it.

FIG. 8B shows another embodiment requiring no transmis-
sion capabilities from a monitor device. There is a single
diver’s equipment 84 including a monitor device 85 and a
remote sensor device 86. The remote device 86 is pro-
grammed to send a signal on its own to both the monitor
device 85 by magnetic induction and to a receiver in a boat 88
on the surface by an acoustic signal. This embodiment is
beneficial e.g. for sending automatic low gas pressure alerts,
location information, or other regular monitoring information
directly from a remote sensor device to surface.

The embodiments described above can be combined such
that different types of initiation of acoustic messages are used
for different purposes.

Magnetoinductive Communication

An exemplary magnetoinductive communication system,
where the present ultrasound transmitter can be utilized as an
additional component, is described below.

In one embodiment, the system comprises at least two
transceiver devices having the capability to listen to magne-
toinductive data packets of other transceiver devices and to
adjust its own timing of transmitting based on the signals
received. The transceiver has a communication unit capable
of transmitting data as data packets according to a timing
scheme, for example once every couple of seconds. The pur-
pose of adjustment of the timing scheme is that the data
packets of different devices are transmitted in synchronized
relationship but not simultaneously with each other. The
scheme may for example be provided with specific time slots
allowed for transmitting of the devices.

There are two principal ways of achieving the adjusting of
the transceivers. First, they may self-adjust their timing
scheme based on signals of similar devices. Second, they may
receive specific adjustment orders from a master device,
which controls some or all of the transceivers. The master
device may be the monitor device, such as a wrist-worn diving
computer.

More specifically, the transceiver devices communicate
with each other and/or the monitor device by transmitting a
signal from a first device, receiving the signal on a second
device and adjusting the timing scheme of the second device
based on the time of receipt of the signal to avoid collision of
signals and to put the signals in well-defined temporal order.
The method is most advantageously carried out such that
there is a plurality of allowed time slots for transmitting and
the devices are adjusted to use successive time slots. Thus, the
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short data packets of the devices form together a longer sig-
nal, which can be received by the monitoring device during
one listening period.

The embodiment without the monitor device acting as a
master is particularly preferred since its power consumption
and physical size can further be reduced as no transmitting
capabilities, be it magnetic induction or ultrasound, in the
monitor device are required.

The described magnetoinductive communication scheme
helps to improve reliable listening of the transmitted signals
since transmission collisions are avoided by synchronizing
the timing schemes of the transmitters. Second, it helps to
reduce the energy consumption of the listener of the trans-
mitted signals, because it will better know when to expect
signal and can turn its receiver on accordingly for shorter
periods. Third, the invention helps to increase the amount of
data transmitted and received, because the transmitted signals
are sent well ordered and at well-defined time slots and not at
arbitrary moments. Thus, more bits can be fitted with a given
time window.

According to one embodiment, the transceiver devices
comprise a sensor unit for providing a sensor value and a
communication unit functionally connected to the sensor unit
and comprising means for wirelessly transmitting the sensor
value to another underwater device as data packets according
to a timing scheme stored in a memory of the device. The
communication unit further comprises means for wirelessly
receiving data packets sent by other underwater devices. The
communication unit is further capable of adjusting the timing
scheme based on data packets received so as to avoid simul-
taneous transmitting by underwater devices.

In an alternative embodiment, the sensor value can be
provided through a sensor connection for an external sensor
unit arranged in the transceiver. The sensor connection may
comprise a connector for cable connection or wireless sensor
connection means.

The means for adjusting are preferably configured to adjust
the timing scheme based on time of receipt or content of data
packets received. These two are different but non-exclusive
approaches for the adjustment. That is, the adjustment may be
based on both the time of receipt and content of one or more
data packets received.

Inthe first approach, the means for adjusting are configured
to self-adjust the timing scheme so as to synchronize the
means for transmitting with the device whose data packet was
received. If more than one data packets are received from two
or more devices, the adjustment may be based on temporal
distribution of the data packets. As a result of this adjustment,
the devices start transmitting their associated sensor values at
different times, synchronized with each other.

In a preferred embodiment, the timing schemes of each of
the devices comprise a preconfigured set of cyclically repeat-
ing time slots allowed for transmitting. Each device uses one
time slot. The means for adjusting are configured to select a
free time slot, preferably the next free time slot, for transmit-
ting. For example, if a device notices through receipt of sig-
nals of other devices that time slots 1 and 2 reserved for the
transceivers are already used but time slot 3 is not used, it may
take the next free time slot 3.

The duration of the repeating cycle of the time slots, as well
as the number, starting times and duration of the time slots is
preferably preconfigured to each transceiver device belong-
ing to the communication system. In addition, the time slot
allocated for use of the particular device is configured or
configurable to each device.

The most important parameter to be adjusted in a trans-
ceiver device during its use is the timing, most preferably the

20

25

30

40

45

50

65

10

time slot from a set of time slots, to be used for transmission,
according to the abovementioned principles. Other param-
eters of the temporal transmission scheme can be more per-
manently configured and need not be amended during or at
the start of each diving performance. However, it is not
excluded that these parameters be adjusted during the perfor-
mance too. Practical models for carrying out the self-adjust-
ment process are described later in this document in more
detail.

FIG. 3 A illustrates a monitor device 30A functioning as a
receiver only. The device comprises a one-way communica-
tion unit 31A capable of receiving data from other devices.
The device 30A further comprises a processing unit 33A
functionally connected to the communication unit 31A and a
display 37A functionally connected to the processing unit
33A. The processing unit 33A is capable of processing data
incoming from the communication unit 31A and visualizing
the same on the display 37A.

In the second approach, the transceiver device acts as a
slave device and there is a master device in the system. The
communication means are adapted to receive a data packet
from the master device, the data packet comprising master
status information and timing scheme command. The means
for adjusting are adapted to adjust the timing scheme based on
the data packet received. To concretize the idea, the master
data packet may include an “I am master” data section, iden-
tifiable by the transceiver, and “Take time slot number N”
command, also identifiable by the transceiver. The transceiver
obeys the instructions and starts to transmit its sensor value
using time slot N.

In the master-slave mode, there is typically a time slot
reserved for the transceivers to announce their presence to the
master device. Thus, the master device receives signals of all
the transceiver and is able to allocate an individual time slot
for each transceiver.

FIG. 3B illustrates a monitor device 30B being mostly
similar to that of FIG. 3A but including a two-way commu-
nication unit 31B. This monitor device 30B can operate as a
master device. Its processing unit 33B is additionally capable
of providing commands to the communication unit 31B for
transmission to slave devices in the system. Also this process-
ing unit comprises necessary hardware and software means
for defining and utilizing a timing scheme for communication
with other devices. In addition, it comprises the necessary
logic to allocate free transmitting slots for the slave devices
upon registering them as participants to the communication
system. The display 37B can be configured to display data
received from one or more slave devices or information
derived therefrom.

The master device is typically a diving computer or another
monitoring device worn or held by a diver or installed into
diving-aid equipment. It is typically equipped with a display
unit 37B, whereas the transceivers may also be without dis-
plays. However, it should be noted the one of the transceivers
may also take the role of a master and allocate the time slots
for itself and the other devices.

As mentioned above, the first and second approaches may
also be combined for example such that the adjustment is
made based on the content and time of receipt of the data
packet. For example, if there are two groups of devices, such
as gas pressure sensor devices and location sensor devices,
the devices may identify themselves in their data packets such
that other transceivers may take a next free time slot within a
group of devices. This allows for the first group to take the
first time slots 1 . . . N and the second group the time slots N+
1 ... M, without scrambling the time slots between the
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different types of devices. Of course, if a master device is
present, it may take care of the allocation in a similar way.
According to a preferred embodiment, the data packets
comprise at least transceiver (or sensor) identification infor-
mation and sensor value information. Each transceiver (or
sensor) is preferably provided with a unique ID code, which
is implemented in the hardware or software level of the
device. Based on this ID, the other devices in the communi-
cation system will be able to identify the device and distin-
guish its transmissions for other transmissions. Optionally,
the data packets comprise also sensor type information, sen-
sor battery level information and/or error correction informa-
tion. Detailed examples will be given later.
As mentioned above, the timing scheme used by the trans-
ceivers may comprise a time slot reserved for receiving a data
packet of other underwater devices so as to allow for regis-
tering of new devices. This time slot should preferably be
used for transmission only by devices, which have not yet
synchronized their transmission scheme with the other
devices.
To describe an exemplary process in a general level, a
transceiver device may be configured, preferably immedi-
ately after powering them on,
to listen to data packets of other devices,
upon receipt of a data packet of a predefined first type
(master type), to adjust the timing scheme according to
instructions contained in the data packet of the first type,

in the absence of data packets of the predefined first type
and upon receipt of data packets of a predefined second
type (equivalent type) at a first time slot, to adjust the
timing scheme such that the transmission of data packet
takes place at a second time slot different than the first
time slot,

to start transmitting according to the adjusted timing

scheme.

The first and second time slots referred to above are pret-
erably successive, i.e., there are no time slots between them.
The first and second time slots are also preferably such that
there are no free time slots before them in the cycle of time
slots. That is, the transmitting time window is populated from
the beginning up to the level necessary for each transceiver to
be able to transmit.

According to one embodiment, the magnetoinductive com-
munication between the devices takes place at arelatively low
frequency, in the range of 1 kHz to 10 MHz. Such a frequency
range is suitable for underwater communications and has a
reach up to couple of meters with practical power levels. The
drawback of a low frequency is that the channel bandwidth is
limited. Thus, the total data transfer capacity of the multi-
device network is limited too. However, by means of the
invention, the available time is effectively used and sensor
value update interval can be kept reasonable, for example
from1sto8s.

According to one embodiment, the communication system
does not use frequency shifting. That is, the communication
unit is adapted to transmit and receive said data packets at a
constant frequency. By means of the invention the data pack-
ets and bits of all the transceivers can be nicely ordered in
successive configuration at the selected constant frequency,
whereby listening is also simple.

In a preferred embodiment, the sensor unit is a diving gas
pressure sensor unit and the sensor value is a gas pressure
value (including any other value proportional to the gas pres-
sure or a derivative of a gas pressure value). Such sensor
located in a gas tank of a diver and the transceiver unit can be
integrated with the sensor unit to make a sensor transceiver
device. However, the sensor may communicate its data via a
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cable or wirelessly also to a separate transceiver, which fur-
ther joins the communication system herein described.

Alternative sensor types include a location sensors (sensor
value is a location value), proximity sensors (said sensor
value is a distance value), heart beat sensors (sensor value is
a heart beat or heart rate value), ambient pressure sensors
(sensor value is an ambient pressure value or depth value),
and geocache detectors (sensor value is a geocache detection
signal). All types of sensors may join a single communication
system herein described.

The transceiver devices preferably comprising a memory
unit with a memory portion for storing wirelessly reconfig-
urable operation settings, such as timing scheme information,
identification information or communication protocol infor-
mation. The reconfiguration of there parameters is carried out
by a master device, most notably a computer and/or a diving
computer, coupled to the transceiver device.

According to one embodiment, the present underwater
communication system comprises at least two transceiver
devices as described above or later in more detail. In addition
to the transceivers, there is a monitoring device comprising
means for listening to data packets of the transceivers during
a listening period.

The listening period is set to cover the whole duration of a
preconfigured timing scheme used by the transceivers or a
part of it. For example, if a fewer number of transceivers have
joined the system than the maximum number of transceivers,
the listening period may be set to cover only the populated
part of the scheme to save energy. That is, the monitor may be
adapted to be between the listening periods in a resting state
consuming less energy than during the listening periods. If
desired, the monitoring device may occasionally listen over
the whole scheme in order to note whether there are other
devices (potential new joiners) within the range.

In the preferred embodiment, the timing schemes of the
transceiver devices each comprise a limited equal number of
transmission time slots and said transceiver devices are
arranged to adjust their temporal transmission schemes to
populate successive transmission time slots. Respectively, in
the monitoring device, the means for listening to data packets
are adapted to listen to the data packets of all the populated
transmission time slots during a listening period. The listen-
ing during this period may occur in one go or in suitable
periods, for example corresponding to the length of the data
packets. In one embodiment, the monitoring device is adapted
to go into a low-energy state between the periods and to be
awake for listening during the periods.

According to one embodiment, the monitoring device is
incapable of transmitting to the transceiver devices. Thus, the
monitor is a listener only. This embodiment allows for very
low energy consumption for the monitor device. This
embodiment is preferably combined with the first adjusting
approach of the transceivers as described above. In this
approach, the transceivers are capable of self-adjusting their
timing schemes based on data packets received from each
other and there is no need for a master device.

According to an alternative embodiment, the monitoring
device is capable of both listening and transmitting data to the
transceivers. This embodiment is preferably combined with
the second adjusting approach of the transceivers as described
above. In this approach, the monitoring device is a master
device giving transmitting timing command as data packets,
and potentially other commands too, to the transceiver
devices once they have announced their presence to the mas-
ter device.

According to a preferred embodiment, the monitoring
device is a wristop diving computer wearable on a wrist of a
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diver. In an alternative embodiment, the monitoring device is
a diving mask. Both devices may comprise integrated display
units for displaying the sensor data provided by the trans-
ceiver devices. There may also be user interface means for
allowing the used to command the monitoring device and/or
the transceiver devices.

The synchronization of the transceiver devices, i.e. their
repeating timing schemes may take place by preconfiguring
for each timing scheme a limited number of time slots
allowed for transmission. To share the time slots between
devices, the method according to one embodiment (without
master) comprises

powering on the transceiver devices,

transmitting a signal from at least a first transceiver device

as a data packet according to timing scheme of the first
transceiver device,

receiving said data packet in a second transceiver device,

synchronizing the timing scheme of the second transceiver

device with the timing scheme of the first transceiver
device based on the time of receipt of the data packet
from the first transceiver device such that the first and
second transceiver devices use successive time slots for
transmission of data packets,

transmitting sensor data containing signals from said first

and second transceiver devices according to first and
second timing schemes, respectively.

In another embodiment (with master), the method com-
prises

powering on the transceiver devices,

transmitting a presence signal as a data packet from at least

a first and a second transceiver device,
receiving said presence signals in a master device,
allocating an individual timing time slot for the first and
second transceiver device in the master device,

transmitting a timing scheme adjustment command dedi-
cated to at least the first or the second transceiver device
comprising information on the allocated time slot to the
first and second transceiver devices,

adjusting the timing scheme in at least one of the first and

second transceiver devices based on the timing scheme
adjustment command,

transmitting sensor data containing signals from said first

and second transceiver devices according to their indi-
vidual timing schemes.

In a typical further embodiment, the monitoring device
receives the sensor data containing signals and optionally
displays them on a display unit.

Preferably, the sensor data containing signals are received
in areceiver, such as a monitor unit (which may optionally act
also as a master unit), as a single data stream formed of data
packets of the first and second transceiver devices in said
successive time slots.

FIG. 6 gives first an overview of the method as a block
diagram of the adaptive mode according to one embodiment.
In the first step, phase 61, a first transceiver device is turned
on. In the next phase 62, it starts to listen to network activity
within its range. If it picks up a message from a master device
in phase 63, it proceeds to transmit a presence message in
phase 64A. The master picks up the presence message and
determines a free transmission time slot for the first trans-
ceiver. The slot information is sent to and received by the first
transceiver device as synchronization order in phase 64B.
Following the order, the first transceiver adjusts its transmis-
sion scheme according to the order in phase 64C, and pro-
ceeds to regular transmissions using the newly received time
slot, i.e. to phase 67.
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If the first transceiver does not find a master but finds an
active (already transmitting) second transceiver in phase 65
by receiving a message from the second transceiver, it picks
up the moment of receipt of its message and transmission time
slot from the message in phase 66A and synchronizes itself
based on this data in phase 66B by adjusting its transmission
scheme. There may also be other transceiver present and
found and their reserved time slots are taken into accountin a
similar way. Then, the first transceiver proceeds to phase 67,
i.e., regular transmissions using the newly self-adjusted time
slot.

If the first transceiver does not detect any network activity
during its predefined listening period, it may proceed to regu-
lar transmission phase 67 using its default transmission
scheme.

When in the regular transmission phase 67, the device
regularly checks whether predefined criteria for generating an
ultrasound signal based on the sensor data, for example, are
met or ifa master device in the system sends a communication
command. In either case, the device generates an ultrasound
signal with its ultrasound transmitter.

Now, the master-slave hierarchy and equivalent-device
hierarchy are described in more detail.

Master-Slave Network Hierarchy

Devices in the network are categorized into two categories:
masters and sensors, the sensors herein being the slave trans-
ceiver devices. Each device has a broadcast address (e.g. 6
bits long), which may initially be a default address or unas-
signed. A master controls the network, defines its own timing,
gives devices their identity and resolves conflicts. Sensors are
more simple devices typically with less energy available.
They typically transmit measured data to the master to be
displayed to the user. A sensor can also receive data from the
master, and besides taking in timing instructions, it may func-
tion as a controller, actuator or display in some embodiments.

In the typical use-case of single-frequency systems, all
devices within the range of the wireless network ideally
belong to the same network. It can happen that two or more
separate networks are brought close to each other. These
separate networks have each one master with one or more
sensors. When they are in close proximity, they might inter-
fere. Sensors and masters from the different networks are
likely to have overlapping addresses and thus the messages
and commands might be confused. They are most likely also
unsynchronized in time. The master should detect this and
synchronize the networks and combine them to one. The
synchronized network can then contain two or more masters.

Any master can listen to any sensor and also transmit to it.
However, sensors typically only obey commands from their
own master. One of the masters in a combined network is
assigned as a senior master, which dictates the network syn-
chronization. Masters and sensors may have identical data
packet formats but they are distinguished by their data con-
tent, most simply an IAM bit. All devices also have a unique
identifier with a fixed bit length (e.g. 32 bits) associated with
the hardware device. The senior master may for example be
the one with the smallest identifier (e.g. the unique ID) when
converted into a number.

Time-Slot Mechanism

Next, the preferred timing scheme mechanism is described
with reference to FIG. 4.

In this example, a reference time frame having a length of
1 second is used. The length may be e.g. 0.1-10 seconds in
practice, naturally requiring scaling of other time parameters
introduced hereinafter accordingly. The time frame is divided
into 20 time slots, each 50 ms long. A master only transmits in
slots M0, M1 or M2. Sensors only transmit in slots 0 . . . 15.
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There is also a broadcast slot (BC) where new sensors can
announce their presence to the master. The master sets the
time frame by its transmission. Sensors listen and synchro-
nize to it.

The duration of the transmission of one packet is 8-30 ms,
i.e., shorter than the time slot, depending on the packet length
(0 to 24 bytes of payload data). Transmission starts at the
beginning of a time slot and stops when the complete packet
has been sent.

The reception period starts slightly before the beginning of
the time slot, to allow for some jitter between device time
synchronization. To save energy, the amount of time to pre-
listen can be adaptive and be dynamically reduced if it is
detected that transmissions are arriving steadily at correct
time. The pre-listen time can be anything between 1 to 30 ms.
Reception should stop when a complete packet has been
received or at latest 50 ms after the start of the transmission
slot, unless the receiver is in a continuous receive mode to
capture any transmissions from unsynchronized devices.

In one embodiment, the four last significant bits of a sensor
address determine the transmission time slot it can use. These
bits should be anything from Oto 15, which directly match the
slot ID they are allowed to transmit in.

Interleaved Operation

As one may note, there are 64 valid sensor addresses and
only 16 time slots in the example described above and four
sensors can therefore potentially transmit in the same time
slot.

An interleave system supporting a plurality of sensors in
the same time slot without risk for interference will be
described below.

Interleaving means reducing transmission rate of one sen-
sor and alternating between different sensors in one time slot.
In our example, the 64 potential sensors can be active simul-
taneously if each one transmit only once per four seconds or
less frequently.

FIG. 5 illustrates the interleaved operation for transmit
intervals of 2, 4 and 8 seconds. The interleave operation is
activated by the master, by sending timing scheme adjustment
commands to the sensors. The master itself transmits or
receives when a sensor is expected to receive or transmit,
respectively. Thus, the master’s interleave bits are not used.
However, the master transmits an interleave sync bit. This
sync bit, when set to 1 in a message transmitted by the master,
indicates that the current 1-second period of timeslots, is the
first one of eight period in the interleave framework. These
interleave periods are named P0, P1, P2, . . . P7. If the master
has nothing else to transmit, it can transmit a time sync
packet. It is recommended that the master sends at least some
data packet in every interleave-period O.

Interleave is possible when TX rate is set to an interval of 2
s, 4 s or 8 s. If TX rate is set to a 2 s interval, the interleave
parameter, as transmitted by the sensor, can be O or 1. Ifit is
0, the sensor transmits in P0, P2, P4 and P6. If it is 1, the
sensor transmits in P1, P3, P5 and P7. With a4 s or 8 s TX
interval the interleave parameter can be from 0 to 3. The
sensor then transmits in the respective period PO to P3, and
with a 4 s TX interval also in P5 to P7, respectively.

Interleave also affects the receiver of the sensor. If RX rate
is 1 (equal to TX rate), the sensor receives in the same inter-
leave period as it transmits. If RX rate slower than TX, the
sensor receives in the same interleave periods as it transmits,
but only every second or every fourth time. To indicate when
the sensor is receiving, it sets the interleave sync bit to 1 in the
normally scheduled transmission preceding the interleave
period in which it listens for incoming data.
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Data Packet Format

FIG. 7 illustrates an exemplary general data packet format
usable in connection with the present invention, allowing a
variety of the described functions, adjustments and settings to
be carried out. As understood by a skilled person, the format
and in particular the bit lengths can be designed and chosen in
a different way.

Time Synchronization

The master determines the network timing. When the mas-
ter is started, the network clock starts. But when a sensor is
started, it will initially be timing-wise unsynchronized to the
network. There are two ways the sensor can achieve synchro-
nization. One way is for it to start transmitting and waiting for
a master to pick up its transmission and issue a synchroniza-
tion command. This transmission can be more or less fre-
quent, with intermissions and adapted to suit a proper energy
saving strategy. The other way is for the sensor to listen for
other network activity. If it picks up another sensor or a
master, it will immediately be able to synchronize itself based
on time of receipt and potentially the address of the sender of
the packet received. Subsequently it can start transmitting
sensor data or HELLO messages to catch attention from a
master. The latter way must be used in networks without a
master, as will be described below in more detail.
Equivalent Device Hierarchy

The present technology supports operation without a mas-
ter, i.e. in equivalent device hierarchy. Most of the mecha-
nisms and operational principles described above in connec-
tion with master-slave hierarchy apply also in equivalent
device hierarchy, either as such or in modified form. For
example the relevant portions of the time slot mechanism,
data packet format and dynamic address allocation are appli-
cable as such. In this mode, there are, however some non-used
time slots and data fields. However, these become immedi-
ately necessary, if a master joins the system and takes control
of other devices. If the system is designed to operate in
equivalent device mode only, these time slots and data fields
may be removed from the software configurations of the
devices. It is also most convenient to implement interleaved
operation in the master-slave hierarchy, but interleaving in the
equivalent device hierarchy is not impossible and is therefore
not excluded.

The most notable difference is in time synchronization. In
this embodiment it is required that sensors will be transmit-
ting without a master. They might for example take a certain
period of time after start up for listening only but eventually
they will start transmitting more or less regularly until they
are shut down. In a preferred embodiment, the sensors, during
the listening period after being powered up, listen to each
others data packets and temporally synchronize their timing
schemes by taking the next free time slot as their transmission
slot. This way all sensors in the range of each other will by
default synchronize among themselves and transmit simulta-
neously in their individual broadcast time-slots until a master
commands them otherwise. Thus, signal from only one sen-
sor at a time is received by a monitoring device.

A listening-only monitoring device can therefore robustly
pick up the transmissions of all the sensors. This way the
monitoring device can be made smaller and use lower peak
current than a regular device with transmit capabilities, thus it
can be implemented in a small wrist-watch type instrument
running from a coin-cell battery.

The mode of operation of the transceiver device, i.e. herein
discussed can be entered for example by pre-programming,
by selection of the user through user interface means of the
device or by a time-out from a (failed) another mode of
operation. For example, a device may have the master-slave
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mode as a default but in the absence of a master during a
predefined period, it may decide to go into the self-organizing
mode.

Example Specifications of the System

In a typical setup, the transceivers have a frequent trans-
mission interval of 6-120 messages per minute (0.1-2 mes-
sages per second), determined by their timing schemes. There
may be e.g. 10-40 time slots per second preconfigured.

In an exemplary configuration, there are 20 slots in total per
second of which 16 slots are for sensors transmissions, 3 slots
for master’s transmissions and 1 broadcast slot for new sen-
sors announcing themselves. In a non-interleaved operation
there may be 16 simultaneous sensors at 1/1 s update rate
(non-interleaved), 32 simultaneous sensors at 1/2 s update
rate, 64 simultaneous sensors at 1/4 s or slower update and
128 simultaneous sensors at 1/8 s or slower update. The
number of simultaneous sensors may be limited by the num-
ber of sensor addresses, too. In an exemplary dynamic
addressing scheme, there are 64 sensor addresses and 8 mas-
ter addresses with automatic allocation. In addition, each
device has a unique ID (e.g. 32 bit ID). There is preferably
also an address and/or timing conflict detection and resolu-
tion mechanism built-in to the system.

Example Remote Devices and Sensors of the System

Next, potential devices which can take advantage of the
invention are described in the form of exemplary diving-
related sensor units within the meaning of the present inven-
tion, which may be connected or integrated with the present
transceiver device and parameters which may be communi-
cated in the data packets of the invention. The ultrasound or
other acoustic-mode transmitter may also be integrated with
any of these devices to react to the device’s sensor value,
another remote devices sensor value or command from a
master device. Even if not specifically mentioned, each sen-
sor may be adapted to communicate a header with general
information of the sensor or device, such as address, battery
level, or status or error flags. The devices may be separate or
integrated into other devices or together, whereby they in fact
form “services” within a single device. For example, a pres-
sure sensor device may have an integral battery voltage sen-
sor, the values of which are communicated in the same mas-
sage. Naturally, the values may be communicated also in
different messages through a single unit or separate commu-
nication units.

According to one embodiment already discussed above,
the remote device 1 is a tank pressure sensor capable of
measuring and communicating gas pressure in a tank, such as
a gas cylinder (bottle).

According to one embodiment, the remote device is a
rebreather unit capable of measuring and communicating one
or more oxygen partial pressures.

According to one embodiment, the remote device is a
rebreather control unit capable of setting and communicating
a set point for a rebreather. The set point may be communi-
cated only when re-set by a user. (A control device like this is
also considered a sensor since it needs to know its own rel-
evant value).

According to one embodiment, the remote device is a dis-
play unit, such as HUD mask. Such mask may directly mea-
sure or receive from other devices and communicate one or
more of the following parameters: tank pressure, depth, dive
time, no-dec time, time to surface, ceiling, safety stop count-
down, ascending speed, oxygen partial pressure, heading,
bearing or heart rate.

According to one embodiment, the remote device is a
remote control unit capable of producing and communicating
a remote control message.
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According to one embodiment, the remote device is an
underwater navigation or location unit capable of measuring
and communicating one or more of the following: heading,
bearing, latitude, longitude, depth, remaining true distance to
waypoint or destination, remaining vertical distance to way-
point or destination, speed.

According to one embodiment, the remote device is a com-
munication unit capable of producing and communicating a
message or message 1D.

According to one embodiment, the remote device is a bat-
tery status monitoring unit capable of measuring and com-
municating battery voltage and/or battery status.

According to one embodiment, the remote device is a prox-
imity sensing unit capable of measuring and communicating
distance to a target.

According to one embodiment, the remote device is a heart
rate sensor unit capable of measuring and communicating
heart rate.

According to one embodiment, the remote device is a geo-
cache target unit capable of detecting a geocache finder unit
or the presence of a diver or a geocache finder unit capable of
detecting a geocache target unit.

The invention claimed is:

1. An underwater communication system comprising;

at least one underwater remote device comprising a pro-

cessing unit and having functionally connected to the
processing unit; a first magnetoinductive communica-
tion means capable of communicating with other under-
water devices using magnetic induction, and an acoustic
communication means capable of transmitting acoustic
signals, and

a wearable underwater monitor device comprising second

magnetoinductive communication means capable of
communicating with said remote device using magnetic
induction.

2. The system according to claim 1, wherein the processing
unit of the remote device is adapted to produce an acoustic
signal using said acoustic communication means in response
to a predefined signal received using said first magnetoinduc-
tive communication means.

3. The system according to claim 1, wherein the underwa-
ter remote device is attached or designed to be attached to a
scuba harness, scuba set or gas tank.

4. The system according to claim 1, wherein the remote
device comprises a diving gas pressure sensor functionally
connected to the processing unit, which is adapted to com-
municate pressure data or pressure-derived data provided by
the gas pressure sensor using said first magnetoinductive
communication means and/or said acoustic communication
means.

5. The system according to claim 1, wherein the remote
device comprises a location sensor functionally connected to
the processing unit, which is adapted to communicate loca-
tion data or location-derived data provided by the location
sensor using said first magnetoinductive communication
means and/or said acoustic communication means.

6. The system according to claim 1, wherein said first and
second magnetoinductive communication means have a
maximum magnetoinductive communication range and said
acoustic communication means have a maximum acoustic
communication range which is at least 2 times greater than the
maximum magnetoinductive communication range.

7. The system according to claim 1, wherein the processing
unit of the remote device is adapted to:

receive sensor data from a sensor contained therein or

connected thereto, and



US 9,225,435 B2

19

command transmission of an acoustic signal using said
acoustic communication means if said sensor data ful-
fills predefined criteria.

8. The system according to claim 1, wherein:

the monitor device is adapted to send acoustic communi-

cation commands to the remote device using said second
magnetoinductive communication means, and

the remote device is adapted to receive said acoustic com-

munication commands from the monitor device using
said first magnetoinductive communication means and
to command transmission of an acoustic signal using
said acoustic communication means upon reception
such communication command.

9. The system according to claim 1, wherein the wearable
monitor device is a wristop diving computer or diving mask.

10. The system according to claim 1, wherein the wearable
monitor device is free from acoustic communication means.

11. The system according to claim 1, wherein the first
magnetoinductive communication means are capable of bidi-
rectional communication between the remote device and
another underwater remote devices.

12. The system according to claim 1, wherein the first and
second magnetoinductive communication means are adapted
for unidirectional communication from the remote device to
the monitor device or bidirectional communication between
the remote device and the monitor device.

13. The system according to claim 1, wherein the acoustic
communication means are additionally capable of receiving
acoustic signals and to communicate data contained in the
acoustic signals to the processing unit.

14. The system according to claim 1, wherein said remote
device is configured to transmit alert signals as said acoustic
signals, the alert signals comprising alert data, such as gas
pressure alert data, depth alert data or location alert data.
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15. The system according to claim 1, wherein the at least
one remote device is capable of synchronizing its magneto-
inductive communication means with other similar remote
devices inthe system so as to avoid simultaneous transmitting
of magnetoinductive signals by the remote devices.

16. The system according to claim 1, wherein the acoustic
communication means are adapted to transmit ultrasound
signals.

17. A method of communicating in underwater circum-
stances between at least one wearable monitor device, at least
one remote device adapted to provide data for the monitor
device and at least one external receiver, wherein the monitor
device and the remote device belong to equipment of a single
diver and the external receiver is external to said equipment,
said method comprising the steps of:

communicating between said wearable monitor device and

the remote device using magnetic induction, and
communicating between said remote device and said exter-
nal receiver using acoustic waves.

18. The method according to claim 17, further comprising
initiating said acoustic communication between the remote
device and the external receiver by magnetoinductive com-
munication between the remote device and another underwa-
ter device or by a sensor contained in the remote device.

19. The method according to claim 17, further comprising
initiating said acoustic communication between the remote
device and the external receiver by magnetoinductive com-
munication from the monitor device to the remote device.

20. The method according to claim 17, wherein the monitor
device is a personal diving monitor.

21. The method according to claim 17, wherein the remote
device is a diving gas pressure sensor.
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